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SECTION I 

INTRODUCTION 

1 . 1  GENERAL 

t 

This  is  Monthly Technical Report No. 10 i s sued  in accordance with Work 

Statement for  Industrial  Support E-1097, and covers  the period 1 April  

through 30 Apri l  1963. 

ceived to  date; seventy- three have been accepted;  twenty-one have been 

completed; fifty-two rema in  active. 

Eighty-eight Technical Direct ives  have been r e -  

T o  supplement the Master  Summary Schedule i s sued  on 2 0  March 1963, 

and f o r  the purpose of the monthly r epor t ,  Raytheon has  prepared  an 

Apollo Pro jec t  P l an  which i s  shown in  figure 1- 1. This plan i s  prepared  

i n  the NASA fo rma t  and l i s t s  the important  milestones of the Apollo P r o -  

jec t .  This  plan wi l l  be updated on a monthly bas is .  

A P E R T  integration meeting was held on Apri l  4 and 5 a t  the NASA 

Manned Spacecraft  Center ,  Houston, Texas.  At th i s  meet ing,  in te r faces  

between the Raytheon fragnets  and those of other  Guidance and Navigation 

Sys tem cont rac tors  were  established. 

cont rac tors  were  a l so  requested by NASA to  include and identify NASA 

mi les tones  on the i r  P E R T  fragnets.  These  NASA mi les tones ,  a s  well 

a s  the in t e r f aces ,  have been incorporated into the Raytheon f ragnets  and 

a r e  current ly  being repor ted  to NASA. 

Guidance and Navigation System 

During th i s  reporting period, a new PERT network for  the AGC Oscilla- 

t o r  was wri t ten and submitted to  MIT/IL. 

d c  converter  (now called the Switching Regulator) h a s  been revised t o  

ref lect  cu r ren t  thinking on this unit and submitted t o  MTT/ILJ. 

The PERT network for  the dc- 

New 

1-1 
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f ragnets  a r e  presently being writ ten for: AGC 4B; AGC 7 ,  8 ,  and 20; 

and the remaining units of GSE. These  f ragnets  wi l l  be submitted t o  

MIT/IL in  May. 
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SECTION I1 

APOLLO GUIDANCE COMPUTER 

2 . 1  INTRODUCTION 

The Apollo Guidance Computer (AGC) i s  a special  design general-purpose 

paral le l -operated digital control computer .  

out specific control actions automatically. 

through the Display and Keyboard which allows the as t ronaut  t o  control  

computing act ions.  

Wired-in p rograms  c a r r y  

Access  t o  the computer is 

2 . 2  GENERAL DESCRIPTION 

The computer  cha rac t e r i s t i c s  a r e  as  follows: 

Word Length 

Number Sys tem 

Wired-in Memory 
( cor  e - rope ) 

E r a s a b l e  Memory 
(coincident - current  
co re )  

Clock Rate (Action r a t e )  

Regular Instructions 

Involuntary In st ruc t ion s 
( in te r rupt  increment)  

Int e r rupt Options 

Memory Cycle Time (MCT) 

16 bi ts  (1  5 t parity) 

ONE s complement with 
overflow cor rec t ion  

12 ,288  words  

1008 words  

1 MPPS 

11 

8 

5 

11. 7 psec  

(10) Add Time 23 psec  

( 1  1) Double P rec i s ion  Add 234 psec 
(Xt x) t ( Y  t y) = ( Z  t z )  

(12) Multiply ~. Time 93 psec  

2 -  1 
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Double Prec is ion  Multiply 

Number of Counters 
(input data) 

Aggregate Input Rate 
( instruct ions of 1 /2  speed)  

Input Lines  (1  bit per  l ine)  

Output Lines for  Display 

Output (pulsed) Lines for  
Control 

Te lemet ry  

With the exception of the storage portion, 

780 psec 

20 

43 kpps 

60 

18 

2 2  

Single e r r o r  cor rec t ing  
pulse t r a i n  asynchronous 
to computer t iming 

all logic flow in the ACC is 

per formed by combinations of three- input  NOR gates .  

u s e s  positive logic ,  which means that a positive voltage level  a t  the out- 

put of the s torage  elements represents  a binary ONE s tored .  

The computer 

AGC s torage  i s  divided into three types:  

See figure 2-1. 

f ixed, e r a s a b l e ,  and t empora ry .  

Fixed s torage  consis ts  of three "core- rope"  memory  e lements .  

rope  i s  a unique method of s torage in  which the pattern of wir ing de te r -  

m i n e s  the word s tored.  

e lec t r ica l ly  unchangeable, fixed m e m o r y  always contains the s a m e  words 

f o r  read-out .  

of which is given an  addres s  i n  octal  notation. The S r eg i s t e r  i n  con- 

junction with the Bank (BNK) r eg i s t e r  i s  used f o r  memory  address ing .  

The Selection Logic (SL) network decodes the contents of S and BNK t o  

r e a d  out the des i r ed  word. 

A core -  

Since the pat tern of wiring i s ,  necessa r i ly ,  

The total  capacity of f ixed memory  is 12,288 words ,  each 

E r a s a b l e  s torage  by definition is destruct ive on read-out and cons is t s  of 

a Coincident-current core  mat r ix  with a total  usable capabity of 1008 

2 - 2  
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words.  

A s  before,  the S contents a r e  decoded on SL t o  provide a c c e s s  to  the 

de s i r e d  word. 

Only the S r eg i s t e r  i s  required to  addres s  the e ra sab le  memory .  

Temporary  s torage consis ts  of 20 flip-flop cent ra l  r e g i s t e r s  which make  

up the operational portion of the computer.  

the central  r e g i s t e r s  ( A ,  Q ,  Z ,  etc.  ) wi l l  be explained l a t e r .  As a group 

the central  r e g i s t e r s  a r e  used to c a r r y  out mathematical  operations.  

They have the quality of nondestructive read-out and therefore  can be 

used  a s  t empora ry  s torage  locations. In fact  14 of these cent ra l  r eg -  

i s t e r s  a r e  addressable  via the S r eg i s t e r .  

The par t icu lar  functions of 

The addressable  central  reg is te rs  a r e  A ,  Q, Z ,  LP,  BNK, a l l  Inputs, 

and a l l  Outputs. The nonaddressable cent ra l  r e g i s t e r s  a r e  B,  X ,  Y , 

SQ, S ,  G ,  a n d P .  

2 . 2 . 1  SEQUENCE GENERATOR 

The function of the sequence generator i s  t o  c a r r y  out a mult i - instruct ion 

p rogram with proper  t iming. 

t r a l  r e g i s t e r s  mus t  be wri t ten into and r ead  out of i n  the proper  sequence 

t o  insure  that c o r r e c t  r e su l t s  a r e  obtained. 

cons is t s  of a n  Instruction Selection network which decodes the contents 

of the SQ reg i s t e r  to determine the o rde r  code of the instruct ion to  be 

executed,  a control m a t r i x  which ANDs in  instruct ion with the t ime 

pulse t r a i n  to  produce the r ead ,  wr i te ,  and t e s t  pulses requi red  for  ex- 

e cution of the instruct ion.  

In other words the m e m o r i e s  and the cen- 

The sequence generator  

2 . 2 . 2  CLOCK 

The crystal-control led clock oscil lator opera tes  a t  2.  048 m c  with an  

2 - 4  



7 accuracy  of about 1 par t  in 10 . The clock r a t e  i s  one binary division 

of 2 .  048 m c  (1 .  024 m c )  and provides the t ime  re ference  for  the en t i re  

spacecraf t .  The clock r a t e  i s  used a s  a re ference  for  an  elapsed t ime 

indicator ,  d r ives  the sca le r  which controls  the output dr ive r a t e s ,  and 

r e fe rences  the Timing P u l s e  Generator which de termines  the action 

t i m e s  for  sequence genera tor  operation. 

2 . 2 . 3  INPUT-OUTPUT INTERFACES 

The input-output interfaces  are the  only connection that the computer 

has with the spacecraf t .  The interfaces  route  the input da ta ,  which may 

be ei ther  incrementa l  o r  discrete  binary digi ts ,  to  the proper  locations.  

Thi r ty  input l ines  a r e  provided fo r  incremental  input data which mus t  be 

counted on one of 20  incremental  counters located in  the e ra sab le  m e m -  

o ry .  Some incremental  input pulses requi re  positive incrementing,  

some  negative, and some a shift ( o r  a shift and add one).  

pulse is s tored  in  the pr ior i ty  c i rcui ts  which automatically a d d r e s s  the 

proper  counter and cause the sequence generator  t o  inc remen t ,  decre-  

m e n t ,  o r  shift the contents of that counter (depending upon the input r e -  

qu i rement )  as soon a s  permissible  (the interrupt ion of a n  instruct ion i s  

not allowed). If m o r e  than one such input is present ,  the pr ior i ty  chain 

decides  upon the sequence of handling. 

Each  input 

Binary input digits go direct ly  to the IN r e g i s t e r s  via 60 l ines .  Some 

a r e  fed to  the in te r rupt  priority c i rcu i t s  t o  in te r rupt  a program being 

executed in  favor of a program of higher  priority.  The outputs f r o m  

OUT 0 through OUT 3 consist  of 60 signal l ines  of which 40 a r e  used;  

18 a r e  d iscre te  outputs for  display,  and 2 2  a r e  for  pulsed control outputs 

under  program control. 

r a t e s  a r e  supplied f rom the output r e g i s t e r s .  

e r a t ed  a s  a. sixteen hit w n r d  i n  r eg i s t e r  CUT 4 v.7hich i c  ccuplec! direct!.. Y 

to  the te lemet ry  p rogramer .  

Such outputs a s  f PIPA ( X ,  Y ,  and Z )  drive 

Telemet ry  data i s  gen- 

2 -5  



2.  2 .4  WRITE AMPLIFIERS 
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Communication, within the computer ,  i s  accomplished on sixteen wr i te  

ampl i f ie rs  which a r e  multi-input NOR gates  connected t o  all input and 

output s ides  of all r eg i s t e r s .  

point t o  point i n  the process  of READING a reg i s t e r  o r  WRITING into a 

r eg i s t e r .  

ent connections of the wri te  amplif iers  and special  enable gates .  

definition, a positive voltage state on the input to  the wr i te  ampl i f ie rs  

r e p r e s e n t s  a binary data bit with value ONE. 

Each wri te  amplif ier  c a r r i e s  one bit f r o m  

Shifting of words within a r eg i s t e r  i s  accomplished by differ-  

By 

2 . 2 . 5  POWER 

Power  i s  supplied to  the AGC by th ree  internal  power supplies;  a 13 vdc 

supply for  the clock, a 3 vdc (A)  supply fo r  the sca l e r  and other  t iming 

c i r cu i t s ,  and a 3 vdc (B) supply which powers the ma in  logic sys t em 

within the computer.  By turning off the 3 vdc (B) supply when the com- 

puter  i s  not requi red  to perform problem solution (such as during mid-  

cour se )  the t iming can s t i l l  be maintained and a l a rge  amount of power 

d r a i n  can be avoided. Total  power d ra in  on the three  supplies is about 

100 watts.  

2 . 2 . 6  PHYSICAL CONFIGURATION 

Phys ica l ly ,  the AGC is  mounted in  a f r a m e  s t ruc ture  which i s  about 9 

inches high, 20 inches wide,  and 25 inches deep. The logic c i r cu i t ry  

is  constructed in  "stick" f o r m ,  with 120 micrologic  units i n  each s t ick ,  

and  a plug on the bottom. The s t icks  plug into pull out d r a w e r s ,  called 

t r a y s  which, i n  t u r n ,  plug into the f r a m e  s t ruc ture .  

is  set  into the control panel i n  such a m a n n e r ,  that  the as t ronaut  may  

remove  t r a y s  for possible stick replacement .  

The f r a m e  s t ruc tu re  

2 - 6  



2 . 2 . 7  DSKY 
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The only unit which is actually part  of the AGC yet mounted external ly  

is the Display and Keyboard (DSKY). 

opera tor  visual indications of various malfunctions such a s  par i ty  e r r o r  , 

power fail, e tc .  The Keyboard allows the opera tor  t o  in se r t  o r d e r  codes 

and a d d r e s s e s  (VERBS) and/or data (NOUNS) thereby allowing him t o  

s t a r t  the computer on a desired fixed program o r  t o  in se r t  a smal l  pro-  

g r a m  in e ra sab le  memory .  

ENTER button on the DSKY a l l o w  Keyboard use .  

p re s sed ,  the computer automatically s t o r e s  all relevant information 

about the present  program and then gives control to  the Keyboard. 

p rogram stored r ema ins  on "hold" until the opera tor  r e l eases  control of 

the Keyboard. 

The display portion gives the 

The MARK on the Optics Panel  and the 

If e i ther  button i s  

The 

An abs t r ac t  representat ion of the machine organization i s  given in  

f igure  2 - 2 .  

2 . 3  BREADBOARD COMPUTER AGC 4A 

Construction of the ACC 4A breadboard i s  proceeding on schedule. 

Thirty-five logic s t icks  have been constructed,  t e s t ed ,  and instal led in 

the cabinets.  

f ixed and e ra sab le  memory  cycle t iming has  been completed. 

a r e  present ly  being conducted on the sequence genera tor .  

Wiring of the interconnection panels ,  and testing of the 

Tes t s  

The memory  section of the breadboard computer i s  being designed and 

c i rcu i t s  for  the memory  sticks a r e  being fabricated.  Each fixed m e m -  

o ry  stick w i l l  contain two quarter  ropes .  E rasab le  memory  s t icks  wi l l  

be  fabr ica ted  a s  soon a s  the necessary  information becomes available.  

2 - 7  
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Fabricat ion of a monitor  f o r  communication with the AGC4A breadboard 

has  been completed. 

into or r ead  out of any addressable  r e g i s t e r ,  monitor the wr i te  l ines  a t  

any action t ime , and monitor any des i r ed  output f r o m  the breadboard.  

The monitor  wi l l  be used t o  perform functional t e s t s  on the breadboard 

computer until the Computer Test  Set is checked-out. 

The monitor will provide the capability t o  wr i te  

The combined diagnostic and exercis ing program for the AGC 4A bread-  

board has  been co r rec t ed  and modified. 

a s e r i e s  of separa te  flow c h a r t s ,  each flow char t  being a n  independent 

program in i tself .  Each  independent program can be joined to  another  

independent program or ar ranged  t o  loop within i tself .  The flow char t s  

a r e  present ly  being coded and the p rograms  wi l l  be  used a s  a means  to 

checkout the breadboard computer. 

The program is formulated in 

2 . 4  PROTOTYPE COMPUTER AGC 4B 

The f i r s t  prototype Apollo Guidance Computer,  AGC 4B, w i l l  be  function- 

a l ly  identical  with AGC 4A, and w i l l  be packaged a s  descr ibed  in  Apollo 

Quar te r ly  Technical Report  No. 3 .  Originally intended as a learning 

model  it is  now scheduled t o  be  shipped t o  support AGE 5 until AGC 5 is 

completed.  

t ion becomes available on the final configuration. 

The prototype w i l l  be updated periodically as  m o r e  informa- 

At p re sen t ,  sixteen a r i thmet ic  and some d r ive r  s t icks  a r e  being fabr i -  

cated fo r  AGC 4B. All electr ical  and mechanical pa r t s  fo r  s t ick fabr i -  

cation have been received,  with the exception of the header  housing 

as s embly . 

2 - 9  



2 . 5  MATRIX FABRICATION EQUIPMENT 

All m a t r i x  fabr icat ion equipment has  been refined t o  incorpora te  the 

twelve-channel m a t r i x  capability. 

and weld s t rengths  i s  being conducted t o  de te rmine  optimum weld sett ings 

which furn ish  the most  consistent and rel iable  welds in  compliance with 

Apollo s tandards.  

evaluation. 

A s ta t i s t ica l  analysis  of weld set t ings 

Several  t e s t  m a t r i c e s  w i l l  be  fabr icated for  th i s  

2 . 6  IN-PROCESS W E L D  MONITOR 

A breadboard  vers ion  of an  In-Process  Weld monitor has  been con- 

s t ruc ted .  

checks a t  th ree  points on the welding discharge curve to  ensu re  that  the 

energy del ivered t o  a weld i s  within cer ta in  predetermined l imi t s .  The 

breadboard  vers ion  performed sat isfactor i ly  and as  a resu l t  a go/no-go 

read-out device h a s  been designed and is  present ly  being assembled .  

Th i s  device wi l l  provide an  automatic weld evaluation capability f o r  use  

with all automatic  welding equipment. 

The basic  principle of the monitor  is to provide weld energy 

2-  10 
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SECTION 111 

GROUND SUPPORT EQUIPMENT 

3 . 1  INTRODUCTION 

The Ground Support Equipment f o r  the AGC which i s  being designed and 

fabricated by Raytheon m u s t  meet  the  following requi rements :  (1) in-  

dependently checkout the AGC, ( 2 )  enable per formance  of open loop 

t e s t s  on IMU, CDU, and PSA, ( 3 )  check the AGC osc i l la tor ,  and (4) 

check the AGC, when operating a s  par t  of the G & N s y s t e m ,  p r io r  t o  

installation in  the spacecraf t .  

m e n t s ,  Raytheon has designed the Computer Tes t  Se t ,  Computer Simu- 

l a t o r ,  and Computer Calibration Equipment. W i t h  these  three  pieces of 

equipment i t  will be  possible t o  perform diagnostic t e s t s  on the AGC 

s y s t e m  during subsys tem and system t e s t s ,  and analyze any malfunction 

which might occur .  

In o r d e r  t o  implement  the above requi re -  

3 . 2  COMPUTER TEST SET 

The Computer Tes t  Set (CTS) consists of a two-bay console and a n  

auxi l iary single-bay console. 

of t e s t  equipment as well  as  three  power supplies and is  used t o  evaluate 

dynamic  operat ion of the AGC during sys t em t e s t s .  

a t e  i n  conjunction with the System Checkout Equipment to  per form sys t em 

tests on the Guidance and Navigation System. 

and Guidance and Navigation System through appropr ia te  interface c i r -  

cu i t ry  and will provide d i rec t  program control for monitoring the special  

and cent ra l  r e g i s t e r s  of the AGC and fo r  some  key logic functions a s s o c -  

i a t ed  with the AGC in te rna l  program control.  

The two-bay console houses  twelve units 

The CTS will ope r -  

It will connect t o  the AGC 
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The single-bay console contains two Display and Keyboard panels (DSKY), 

a power control panel, t empera ture  control plate,  and a 2 8  vdc power 

supply. Self-operat ing,  this  console i s  capable of performing some sub- 

sys tem t e s t  s .  

The AGC w i l l  be  mounted on the t empera tu re  control plate which s imu-  

l a t e s  the t empera tu re  var ia t ions of the computer i n  flight. 

supply provides the operating voltages fo r  the AGC under t e s t .  

power control panel provides means of selecting operating voltages and 

t e m p e r a t u r e s  of the tempera ture  control plate. 

and Keyboard panels operate  i n  conjunction with the computer  during 

flight , all t h ree  a re  t e s t ed  simultaneously during sys t em and subsys tem 

t e s t s .  

The dc power 

The 

Since the two Display 

The single-bay console when combined with the two-bay console i s  cap- 

ab le  of performing complete subsystem t e s t s  on the AGC. 

provide the logic,  hardware  , and commerc ia l  equipment required fo r  

loading p rograms  or data into the AGC, provide fo r  signals into the AGC 

inputs , and provide f o r  complete t e s t  of AGC operation. 

The CTS will  

The breadboard  computer t e s t  set i s  being fabr ica ted  in  four cabinets.  

Two cabinets wi l l  house commerc ia l  equipment and the remaining two 

will  house logic plates  and interconnection wiring. 

contain t en  logic plates and two interconnection plates.  

wirewrapping the logic plates have been wri t ten;  four  have been com- 

pleted. 

t es ted .  

and  components a r e  being mounted on front  panels.  

b readboard  modules  have been fabricated to  date;  four  hundred a r e  i n  

p r o c e s s  and are  expected t o  b e  completed in  May. 

breadboard  t e s t  s e t  will begin a s  soon as  possible.  

The t e s t  s e t  will 

P r o g r a m s  f o r  

Two logic plates have been wirewrapped and successfully 

All commerc ia l  equipment has  been instal led in the cabinets 

Three  hundred 

Test ing of the 
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3 .  3 COMPUTER SIMULATOR 

The Computer Simulator is a compact,  slide-mounted logic d r a w e r ,  

containing t h r e e  vertically-mounted logic plate a s sembl i e s ,  a ver t ical ly-  

mounted dc power supply assembly ,  a hinged interconnection plate ,  and 

a hinged f ron t  panel. 

19-inch r a c k ,  consis ts  of a wrap-around chass i s  17 inches wide,  10 in- 

ches  high, and 24 inches deep,  exclusive of f ront  panel. The front  panel 

i s  12-1/4 inches high and 19 inches wide and provides radio frequency 

in te r fe rence  (RFI) shielding. 

chass i s  t o  permi t  cooling of the d rawer  contents. 

The bas ic  s t ruc tu re ,  designed t o  f i t  into a s tandard  

Ducts a r e  provided in the b a s e  of the 

The Computer Simulator produces dr ive  r a t e s  identical with those of the 

AGC by generating a bi-phase clock frequency,  dividing i t ,  and modifying 

the r e su l t s  of the division to  produce the des i r ed  outputs. The s imulator  

contains c i rcui ts  fo r  the selection of inputs t o  the Guidance and Naviga- 

t ion ( G  & N )  Subsystem. 

by modifying the clock output t o  provide one of t h ree  special ized input 

s ignals  t o  the G & N Subsystem. 

be used  is  the decision of the operator  and i s  manually selected through 

f ront  panel switches.  Provis ions a r e  a l s o  included t o  permi t  operat ion 

of the s imulator  f r o m  a remote  location. 

These  c i rcu i t s  utilize the pulse t r a i n s  generated 

The  choice of which one of the th ree  t o  

The  breadboard  Computer Simulator and Computer Simulator No. 3 have 

been  rev ised  t o  ref lect  the ea r l i e r  changes requi red  by MIT/IL. New 

changes received f r o m  MIT/IL regarding Computer Simulator  No. 3 

r equ i r e  changes t o  the wir ing,  front panel,  and power supply. 

a t e  drawings of the s imulator  have been rev ised  to  incorporate  these  

changes.  

Appropri-  
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Assembly of the prototype Computer Simulator i s  i n  process .  

major i ty  of the cables  have been fabricated.  

a r e  being constructed.  

welding t o  beryl l ium-copper ,  connector blades with a brazed-on nickel 

section a t  the module end a r e  being used  t o  allow nickel-nickel welds. 

Over-al l  module reliabil i ty a l so  resu l t s .  Testing of the modules and 

the prototype s imulator  w i l l  begin shortly.  

The 

Modules fo r  the s imulator  

To ease  the processing problems encountered in  

3 . 4  COMPUTER CALIBRATION E Q U I P  ME NT 

The Apollo Guidance Computer Calibration Equipment consis ts  of five 

units of t e s t  equipment capable of accura te ly  calibrating the AGC c rys t a l  

osci l la tor  frequency to  within 1 p a r t  in  1 0 9 .  

consis ts  of a modular-constructed single rack  console mounted on c a s t e r s .  

Rack-mounted in  the console i s  a digital r eco rde r  , counter a s sembly ,  

control and interface panel, V L F  comparison r e c e i v e r ,  and an osci l la tor .  

An antenna mounted on the top of the console has  been replaced with a 

loop antenna external  to the console to  inc rease  the R F  signals fo r  the 

V L F  rece iver .  

The Calibration Equipment 

An 18 kc o r  20 kc signal i s  detected by the r ece ive r  and sent to a f r e -  

quency synthesizer  which produces a 100  kc signal that  i s  f e d  to  the 

phase comparator .  

100 k c ,  fed through the resolver  and then to  the phase comparator .  

These  two 100 kc signals a r e  compared for  phase relationship.  

i s  a phase e r r o r ,  a signal i s  produced that ac t iva tes  the servomotor  to 

dr ive  the r e so lve r .  This resolver  dr ives  a digital r eco rde r  that indi- 

ca t e s  how much e r r o r  t he re  i s  in  the phase of the standard.  When a n  

e r r o r  ex i s t s ,  i t  i s  cor rec ted  by means of a manual control located on 

the frequency s tandard.  

much m o r e  accura te  than the signal f rom the frequency s tandard;  

A frequency s tandard of 1 m c  i s  divided down to  

If t he re  

It i s  assumed that the incoming 18 kc signal i s  
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t he re fo re ,  any e r r o r  signal produced i s  due t o  the s tandard unit changing 

frequency. 

t ime  base of an  eight stage counter. 

m c )  i s  fed into this  counter.  

p r in te r  that  r eco rds  the frequency of the AGC osci l la tor .  

ibrating the frequency s tandard  with the 18 kc  o r  2 0  kc s tandard ,  the 

frequency and aging charac te r i s t ics  of the AGC osci l la tor  can  be 

determined.  

The 1 m c  output of the cal ibrated s tandard  i s  used as the 

The AGC osc i l la tor  output ( 2 . 0 4 8  

The output of the counter i s  fed through a 

Thus ,  by cal-  

Fabricat ion of the Computer Calibration Equipment h a s  been completed. 

Debugging i s  in  p rocess  and will be completed short ly .  T e s t  specifica- 

t ions a r e  in  the p rocess  of being writ ten.  
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SECTION IV 

FACTORY TEST EQUIPMENT 

INTRODUCTION 

Various t e s t s  a r e  requi red  during fabricat ion of subassembl ies  and as -  

sembl ies  f o r  AGC and GSE equipments. 

i t  was necessa ry  t o  design factory t e s t  equipment. 

Raytheon insti tuted a Fac tory  Test P l a n  Board.  

board w a s  t o  genera te  a plan depicting the sequential  testing f r o m  the 

component level  through the final acceptance t e s t  of AGC and GSE. 

T o  sat isfy all t e s t  s i tuat ions,  

F o r  this  r eason  

The purpose of this 

The GSE Fac to ry  T e s t  P l an  (figure 4-1)  specif ies  the inspection and 

e l ec t r i ca l  t e s t s  requi red  during the manufacturing p rocess ,  including 

incoming inspection. 

men t  and generating t e s t  procedures  necessa ry  for  the implementation 

of the Fac tory  Tes t  P lan .  

It provides the b a s i s  f o r  fabricating the t e s t  equip- 

The AGC Factory  Tes t  P l an  (figure 4-2) specif ies  the inspection and 

e l ec t r i ca l  t e s t s  requi red  during incoming inspection, screening and 

burn-in and assembly .  

b a s i s  for  fabricating the t e s t  equipment and generating t e s t  p rocedures  

n e c e s s a r y  f o r  the implementation of the Fac to ry  Tes t  Plan.  

T e s t  P l ans  will be continually updated under the control of the Fac to ry  

T e s t  P l an  Review Board ,  insuring that the Fac tory  Tes t  P lans  will be  

effect ive planning documents.  

It a l so  defines the t e s t  s ta t ions and provides the 

The Fac tory  

4 . 2  SENSE AMPLIFIER TESTER 

The Sense Amplifier T e s t e r  has  been modified t o  faci l i ta te  measu remen t  
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of differential  gain , resolution , propagation delay , and l inear i ty  of in- 

tegra ted  sense  ampl i f ie rs .  Efforts a r e  being made t o  es tabl ish a pro- 

cedure f o r  measur ing  the tempera ture  coefficient of sense  ampl i f ie rs  i n  

o rde r  t o  obtain information regarding the design of sense amplif ier  

voltage sou rces .  

4.3 CORE ROPE SIMULATOR 

The purpose of the Core Rope Simulator (CRS) i s  t o  provide a pract ical  

tool f o r  the development of AGC programs f r o m  subsystem and sys t em 

t e s t  routines t o  actual in-flight mission programs.  The CRS will provide a 

means  of performing a f inal  checkout of p rograms  before implementation 

a s  co re  ropes .  

The CRS w i l l  be basical ly  a 4096 word e ra sab le  memory  which wi l l  be 

substi tuted for  and s imulate  one of the th ree  co re  ropes contained in  the 

Apollo Guidance Computer.  

be a function of the over -a l l  program space allotment and the par t icu lar  

t e s t  t o  be performed.  

The selection of the core  for  removal  w i l l  

The CRS wi l l  be contained in a 6 foot high by 19 inch wide rack-type en- 

c losure .  

spoo le r ,  five module drawers  (one of which will contain a n  e ra sab le  

co re  s t ack ) ,  a power input and control panel, and assoc ia ted  dc power 

supplie s. 

It will consis t  of an ope ra to r ' s  keyboard,  a tape r eade r  and 

E lec t r i ca l  design of the CRS has  been completed and fabrication begun. 

Al l  components have been received. 

d r a w e r s  of assoc ia ted  c i rcu i t ry ,  each drawer  containing an upper and 

lower section. Wiring of these  sections i s  i n  p rocess .  

The s imulator  will have five 
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SECTION V 

RELIABILITY AND QUALITY ASSURANCE 

5 . 1  GENERAL 

Raytheon and MIT/IL have initiated an  evaluation and fo rma l  qualification 

p rogram for  the three- input  NOR gates .  

this  i t em were  notified of this  program. 

submitted by the vendors  and a r e  being used in  evaluation t e s t s  which 

s t r e s s  interchangeabili ty and ability to  meet  e l ec t r i ca l  requi rements  a t  

a l l  sys tem t empera tu re  ex t remes .  

commence i n  June. 

Vendors capable of producing 

Sample NOR gates  have been 

F o r m a l  vendor qualification will 

The high power diode used in  the AGC power supply is  being evaluated 

and a life t e s t  r ack  fo r  this  i t em i s  being constructed.  

in  the AGC power supply have been evaluated fo r  s e r i e s  res i s tance .  

Capaci tors  used 

Incoming, sc reening ,  and burn-in equipment planning for  the AGC Osci l -  

l a to r  has  begun. The major i ty  of semi-conductor  screening and burn-in 

equipment has  been o rde red ;  some of the equipment h a s  a l ready  been r e -  

ceived. 

During th i s  reporting period, Design Review Committee meet ings were  

he ld  on A G C  and GSE documents. As a r e su l t  of reviews conducted on 

the ACC Power  Supplies and AGC Osci l la tor ,  components have been 

s tandardized and de rat ing practice s improved.  

TWO mechanical  t e s t  s e t s ,  an abrasion t e s t e r  and a n  insulation t e s t e r ,  

have been designed and fabricated fo r  magnet  w i re  evaluation t e s t s .  

Stringent evali~atnn_n_ t e s t s  1,x~ill he p e r f o r m e d  on t h e  m a g n e t  w i r e  t o  e s t a  - 
blish l imi t s  of acceptabili ty.  
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SECTION VI  

DOCUMENTATION 

6. 1 FAMILIARIZATION MANUAL 

I 

The Fami l ia r iza t ion  Manual will p resent  a physical and  functional des- 

cr ipt ion of the Apollo Guidance System and Subsystems.  The scope and 

depth of the information is  planned fo r  use  by engineers  a l r eady  t ra ined  

i n  one of the th ree  Apollo P r o g r a m  Subsystems.  

will be used pr imar i ly  f o r  indoctrination and training a t  a n  engineering 

leve l  , no maintenance information will be included. Detailed theory 

n e c e s s a r y  to  support  the maintenance and logis t ics  plan will be included 

i n  the  theory sect ion of the Operation and Maintenance Manual. 

Because th i s  manual  

Two meet ings  have been held t o  da te  t o  submit requi rements  for  the 

Fami l ia r iza t ion  Manual. 

The first meeting w a s  held on 24 April  1963 a t  MIT/IL. 

con t r ac to r s  were  present .  AC Spark P lug ' s  outline was  reviewed by the 

participating cont rac tors .  In addition, init ial  outline requi rements  were  

ass igned  a t  this  meet ing.  

All participating 

On 28  Apri l  1963, the second meeting was held at Raytheon between 

Raytheon and ACSP representat ives  to  es tabl ish a level  of presentation 

f o r  the Fami l ia r iza t ion  Manual. 

Raytheon effor ts  on the Famil iar izat ion Manual ( f igure 6 -  1 )  w i l l  consist  

of integrat ing information into Chapter 2 (Functional Analysis  of AGE)  , 

Chapter  6 (Ground Support Equipment) , and complete effort on Chapter 5 

( Corn pi1.t F. r st erL). 

I 

I 

6- 1 



I 
I 
I 
I 
I 
I 

CHAPTER 21 
I 

I / 
/ 

I 
I 

/ I 

/ 
/ 

/ 

DI 5 PLAY 

Figure 6 -  1. AGC Portion of Famil iar izat ion Manual 
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A functional analysis  in general  t e r m s  of the computer will be provided 

sufficient in scope to  support a general  block diagram of the AGC. In- 

puts and outputs wi l l  be discussed by type and function but not as specific 

signals.  

unit ,  control of the computer ,  and p rograms  w i l l  a l so  be discussed.  

The type and general  charac te r  of the m e m o r y ,  the a r i t hme t i c  

The information supplied by Raytheon for  Chapter 6 will include a phy- 

s ica l  and functional descr ipt ion of the Computer Tes t  Set ,  Apollo Guid- 

ance Computer Simulator 

The information included wi l l  not contain theory o r  operating instruct ions.  

This  chapter wi l l  consist  of organization and operation, instruct ions and 

p r o g r a m s ,  display p r o g r a m s ,  functional descr ipt ions,  mechanical  con- 

f igurat ion,  and the bas ic  description of the Apollo Guidance Computer.  

and the Computer Calibration Equipment. 

6 . 2  AGC INFORMATION SERIES 

Repor ts  enti t led "AGC Information Se r i e s "  (AGCIS) a r e  being p repa red  

by Raytheon Company t o  inform members  of the technical staff at MIT 

and Raytheon about the Apollo Guidance Computer and the Apollo Guid- 

ance and Navigation System. 

ject  and w i l l  be re leased  as  soon as possible.  

of the s e r i e s  wi l l  be a s  follows, the i s s u e s  w i l l  not necessar i ly  be r e -  

l e a s e d  in  th i s  o r d e r .  

Each r epor t  will deal with a sepa ra t e  sub- 

Although the organization 

Apollo Guidance Computer 

General  Description 

Instructions and P r o g r a m s  

Machine Instruct ions 

Int e r pr  e tiv e In s t r uc t ion s 

C ont r ol Pr og ram s 

Guidance P r o g r a m s  

-.-- F v o C i q t i x . r e  - --- p y n n v - m  'b^uI**" c. 
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Diagnostic P r o g r a m s  

Uplink and Downlink P r o g r a m s  

Display P r o g r a m  

Functional Description 

Logic Sticks 

Display and Keyboard 

Power Supply 

F l ip -  Flop Reg i s t e r s  and Par i ty  

Erasable  Memory 

Fixed Memory 

Pr ior i ty  and Interface 

Sequence Generator  

Clock and Sca ler  

Arithmetic Section 

Mechanical De sign 

Mechanical Design of AGC 

Mechanical Design of Display and Keyboard 

Guidance and Navigation System 

AGC Interface and Apollo Subsystems 

Guidance Equations and P r o g r a m s  

Control P r o g r a m s  

Ground Support Equipment 

Computer T e s t  Set 

C alib ra t  ion E qui pme nt 

C om put e r Simul a t o r 

I ssue  3 ,  I ssue  4 ,  and E r r a t a  Sheet No. 4 of the AGCIS have been d i s t r i -  

buted. 

dividual Logic Sticks and deals  with the Ari thmetic  Stick. 

provides  a detailed descr ipt ion of the cha rac t e r i s t i c s  and operation of 

the E r a s a b l e  Memory a s  a subsystem of the AGC. 

I ssue  3 i s  the f i r s t  of the s e r i e s  descr ibing the logic flow of in- 

Issue 4 

E r r a t a  Sheet No. 4 
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was i ssued  t o  include a physical descr ipt ion of the ACC as  pa r t  of I ssue  1 ,  

and to update I s sues  1 and 2. Issue 5 concerning Logic Sticks A ,  B, C,  

and D, and Issue  6 concerning Interpretive Instructions a r e  present ly  

being prepared.  

6. 3 SPECIFICATION CONTROL DRAWINGS 

Three  hundred and sixty requests  for Specification Control Drawings 

(SCDs) have been received to date; two hundred and forty-eight have 

been completed,  thirty-eight have been cancelled,  and seventy-four a r e  

in  process .  During th i s  reporting per iod,  five special  p rocess  specifi-  

cations were  s ta r ted .  

6 . 4  DOCUMENT AT ION S CHEDU LE 

The Apollo Documentation Schedule Chart  i s  included a s  f igure  6-2.  

Th i s  schedule summar izes  the documentation effort  and i s  based on Re- 

vision 1 of the Documentation Plan dated 1 December 1962. 
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